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Intercalation products based on ionic exchange reaction between cationic dye methylene blue and Na
+-montmorillonite were 
prepared. Montmorillonite particles intercalated with methylene blue were characterized using X-ray diffraction, infrared 
spectroscopy, elemental and thermo-gravimetric analysis. The results showed that intercalation of dye molecules within the 
interlayer spaces of montmorillonite has successfully occurred and a degree of layers coverage equal to 81 % of cationic 
exchange capacity was achieved. The obtained coverage results in an increase of 5.8 Å in the basal spacing of silicate 
layers compared to pure montmorillonite. XRD results also indicated that the intercalation process was only dependant on 
intercalant concentration. Other factors such as time of the process and clay concentration had no effect on the obtained 
basal spacing. Thermo-gravimetric analysis suggested improved thermal stability of the intercalated dye.
IntrOduCtIOn
  Clay  minerals  can  react  with  different  types  of 
organic compounds in particular ways [1]. among them 
smectites, a group of 2:1-layer clay minerals, is highly 
reactive and has been known since 1940s to interact with 
organic molecules through electrostatic interactions (e.g. 
ion  exchange),  secondary  bonding  (e.g.  adsorption  of 
neutral species) or covalent bonding (e.g. grafting) to 
produce compounds that have found uses in a various 
industrial  applications  [2].  montmorillonite  which 
belongs to this group of layered silicates consists of thin 
platelets of less than 1 nm in thickness. each platelet is 
comprised of aluminum octahedral layer which is linked 
to oxygen and is sandwiched between silicon tetrahedral 
layers. these layers are linked together by Van der Waals 
forces and are formed as stacks of plates. each platelet has 
a large surface area and a high aspect ratio of over 200. 
a schematic structure of the mmt is shown in figure 1. 
the charge of the aluminosilicate layer is negative which 
is  neutralized  by  compensating  exchangeable  cations 
(e.g. na
+, Ca
2+) and their coordinated water molecules 
in  interlayer  spaces.  Smectites  have  attracted  more 
attention because of its potential to be intercalated by 
various types of cationic organic molecules between the 
aluminosilicate layers by ion exchange process which 
introduces  different  applications  for  these  host-  guest 
systems [4, 5].
  hydrophobic or organophillic surface modification 
of  clay  mineral  particles  by  electrostatic  interaction 
of  mmt  with  cationic  surfactants,  mainly  quaternary 
alkylammonium compounds, have been widely practi-
ced in the last decade [6]. the organoclays have superior 
compatibility with hydrocarbon molecules therefore, they 
have found important applications such as hydrocarbon 
removal or oil spill clean-up [7, 8] and polymer–clay 
nanocomposites [9]. 
  Cationic dyes are another group of organic com- 
pounds  which  are  used  as  an  intercalant  and  their 
luminescence  properties  have  been  extensively  inves-
tigated [5, 10]. the interaction of cationic dyes with clay 
mineral surfaces changes the spectroscopic properties of 
the dye molecules. metachromasy caused by adsorption 
and aggregation of dye molecules on clay layers is one 
of the most studied photo-physical processes to probe the 
clay surface [11]. progress in controlling photophysical 
and photochemical properties of clay–dye hybrids lead 
to production of advanced material [12-15]. also mmt 
is considered as an efficient and low cost adsorbent for 
dye removal from colored wastewaters due to the high 
absorption capacity for cationic dye molecules [16, 17].
  using cationic dye intercalated mmt as colorant in 
coloration of polymeric matrices and printing inks are 
other new application of the mmt-dye hybrids [18, 19]. 
the  main  proposed  aims  of  the  new  pigment,  named 
“nanopigment”, was to improve the uV stability of the Intercalation of methylene blue into montmorillonite at different conditions: An approach for preparing...
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dye and to enhance mechanical properties by nano-scale 
dispersion of the colored silicate layers in polymer matrix 
[18]. In this area recently raha et al. [20] reported that the 
color stability of the mmt/rhodamine b nanopigment 
in  polypropylene  was  improved  more  than  ten  times 
compared with the pure dye due to the protection offered 
by the silicate layers to the intercalated dye molecules. 
 
the  objective  of  present  paper  was  to  attain  an 
applicable  method  in  preparation  of  a  cationic  dye 
intercalated  montmorillonite  suitable  for  polymer 
coloration.  In  this  manner  intercalation  of  methylene 
blue (mb) in montmorillonite (mmt) was done through 
an adsorption process in different conditions. because 
of  the  importance  of  interlayer  distance  of  prepared 
mb  intercalated  montmorillonite  on  the  delamination 
and  exfoliation  processes  in  polymer,  the  variable 
factors  were  investigated  based  on  the  criterion.  the 
intercalation quality of samples was assessed using X-ray 
diffraction technique. moreover, infrared spectroscopy, 
Chn and tga/dtg techniques were applied to further 
study thermal properties and elemental analysis of the 
intercalated products.
eXperImental
materials
  the clay fraction of bentonite which was composed 
of about 92% montmorillonite (mmt) was used to in- 
tercalate  methylene  blue  in.  the  montmorillonite 
sample  was  prepared  by  subjecting  the  na
+-bentonite 
(originated  from  ferdos  mine,  khorasan,  Iran)  sus-
pension to repeated sedimentation until the <2 µm clay 
fractions were obtained. after drying, the sample was 
pulverized  to  pass  through  a  200  mesh  sieve.  Cation 
exchange capacity (CeC) of clay was determined by the 
ammonium acetate method [21] which was equal to 102 
meq/100g. 
  Cationic dye, C.I. basic blue 9 (52015), generally 
known as methylene blue was purchased from Schawn 
(china).  It  was  used  without  any  further  purification. 
the chemical structure of methylene blue is depicted in 
figure 2.
preparation of methylene blue 
intercalated montmorillonite
  methylene blue intercalation into the montmorillo-
nite was done at different conditions as quoted in table 
1.  In  each  process,  1%  wt.  clay  suspension  was  first 
figure  1.    molecular  structure  of  montmorillonite,  adopted 
from [3].
table 1.  Conditions of intercalation processes.
  dye concentration  Intercalation  Concentration of Clay
Sample code  (respect to the CeC of clay)  time (hr)  suspension (wt. %)
mmt-mb (1)  0.5  3  1
mmt-mb (2)  1  3  1
mmt-mb (3)  1.2  3  1
mmt-mb (4)  1.3  3  1
mmt-mb (5)  1.3  3  3
mmt-mb (6)  1.3  12  1
mmt-mb (7)  1.5  3  1
H3C
CH3 CH3
CH3
Cl–
N N
N
S+
figure 2.  molecular structure of the methylene blue.Validi M., Bazgir S., Rashidi A., Yazdanshenas M. E.
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prepared under mechanical stirring in deionized water 
for 3 hour. the ph of clay suspension and mb solution 
was adjusted to ph 9 and 5 respectively, using 0.1n hCl 
and naOh. then a pre-dissolved amount of dye ranging 
from 0.5 to 1.5 times of CeC of the montmorillonite 
(see table 1) was slowly added to the clay suspension at 
room temperature and the reaction mixture was stirred 
for 3 hours. In preparation of two samples, mmt-mb 
(5) and mmt-mb (6), the methylene blue concentration 
was  constant,  equal  to  1.3  times  of  CeC  of  clay. 
however concentration of clay suspension and the time 
of intercalation process were different. at the end of the 
process, the colored hybrid products were separated from 
liquid phase by centrifugation for 30 min at 4000 rpm. 
then the separated phase was washed with deionized 
water repeatedly to remove any excess dye. after drying 
at  room  temperature,  the  intercalation  products  were 
ground  using  agate  mortar  and  sieved  through  a  200 
mesh sieve.
Characterization methods
X-ray diffraction characterization
  X-ray diffraction (Xrd) analysis of montmorillonite 
and mmt-mb samples was performed using a bruker 
d8-adVanCe X-ray powder diffractometer between 2 
and 10° in steps of 0.02° with Cu kα radiation (30 ma, 
40 kV).
FTIR spectroscopy
  Infrared spectra of montmorillonite, mb and inter-
calated product were recorded using a nicolet, nexus 870 
ftIr spectrophotometer by kbr pressed disk method. 
the spectra were collected for each measurement over 
the spectral range of 400-4000 cm
-1 with a resolution of 
4 cm
-1. 
Elemental analysis
  the  percentage  of  carbon  and  nitrogen  in  mont-
morillonite and mmt-mb sample were determined using 
a  2400  perkin–elmer  Chn  elemental  analyzer.  the 
coverage of silicate layers of mmt by mb molecules or 
the amount of adsorbed mb molecules per 100g mmt-
mb after intercalation process was determined using a 
method described by dudkina et al. [22]. In first step the 
amounts of carbon and nitrogen per 100g of mmt-mb, 
nC and nn respectively, were calculated using equation 1 
based on the obtained carbon and nitrogen contents. In 
the formula X% is C or n content, m and mX are molar 
masses of mb molecule and X element respectively, and 
nX is number of X (carbon or nitrogen) atoms in mb 
molecule. the factor of 97.654 considers the na content 
in 100 g mmt-mb sample.
(1)
  the  degree  of  coverage  is  then  calculated  by 
dividing the average value of the nC and nn (in mmol/
/100 g) with respect to the CeC (102 mmol/100 g).
Thermo gravimetric analysis
  thermo  gravimetric  analysis  (tga)  and  its  first 
derivative (dtg) experiments were carried out on mont-
morillonite,  mb  and  mmt-mb  sample  using  a  pyris 
diamond (SII) perkin elmer Instruments. the samples 
(2-4 mg) were placed into alumina crucibles and scanned 
from 30°C to 800°C at a rate of 10°C/min in nitrogen 
atmosphere in order to evaluate the thermal stability of 
the mb intercalated montmorillonite.
reSultS and dISCuSSIOn
Xrd patterns of mb intercalated
montmorillonites
  figure 3 shows the Xrd patterns of mmt and the 
prepared mmt-mb samples with different concentration 
of mb. as it can be seen in the figure, the reflections 
of mmt-mb samples broadened and shifted to lower 
angles.  the  observed  shift  implied  to  the  increase 
in  the  basal  spacing  from  12.56  Å  for  the  untreated 
mmt to more expanded basal spacing which could be 
attributed  to  the  intercalation  of  mb  molecules  into 
the interlayer spaces of montmorillonite. as the peaks 
suggest by increasing mb solution concentrations, the 
basal  spacing  would  increase  accordingly.  therefore, 
larger distances between the aluminosilicate layers were 
achieved in the intercalation processes with concentrated 
dye solutions. this trend was clearly presented in figu-
re 4 which shows the changes of mmt basal spacing up 
on increasing mb concentration. the results were in line 
with the study of klika et al. [23]. based on their report, 
highly  concentrated  solutions  of  mb  contain  higher 
agglomerates of mb which leads to higher mb cations 
content in the interlayer space. Consequently higher basal 
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figure  3.    X-ray  diffraction  spectra  of  a)  mmt,  b)  mmt-
mb (1), c) mmt-mb (2), d) mmt-mb (3), e) mmt-mb(4), 
f) mmt-mb (7) samples.
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spacing,  especially  for  montmorillonites  with  higher 
layer charge density was achieved. the obtained results 
on the other hand imply that the adsorption capacity of 
mmt is higher than its CeC. In our adsorption isotherm 
study on mmt, equilibrium content of adsorbed mb of 
625 mg/g which approximately equals to 1.65 times of 
CeC of mmt was obtained [24].
  as it can be seen in figure 3 and 4, obtained value 
for basal spacing of mmt-mb (7) sample (18.16 Å), 
was not significantly different from the mmt-mb (4) 
sample (18.3 Å). It indicates that the mentioned trend 
was leveled off when the value of the concentration of 
intercalant reached an amount equal to 1.3 times of CeC. 
So this concentration of mb was selected as an optimum 
level of intercalant concentration.
  based  on  the  obtained  basal  spacing  for  mmt-
mb (4) sample, we can conclude that the angle of the 
adsorbed  dye  to  the  silicate  surface  was  significantly 
tilted and mb molecules are deposited in two layers. 
Similar  results  obtained  in  the  work  of  klika  et  al. 
[23]  which  maximum  basal  spacing  around  18.6  Å 
experimentally and 18.4 up to 19 Å based on structure 
modeling was achieved. recent works of bujdák et al. 
[25] and kaneko et al. [26] also showed that at higher 
basal spacing, which is the results of high layer charge 
of montmorillonite and more aggregated form of the dye, 
the orientation of intercalated dye molecules in the mmt 
interlayer become more tilted. 
  Xrd spectra of three intercalated samples prepa-
red with equal dye concentration, but in different con-
centration of clay suspension and time of intercalation 
process are presented in figure 5. as it can be seen from 
the figure, there is no significant difference between these 
spectra and also their basal spacings. It implies that these 
two  variables  didn’t  have  any  effect  on  intercalation 
process in terms of interlayer spacing. hence mmt-mb 
(4) sample was chosen for further characterizations.   
  It must be mentioned that broadening appeared in all 
of diffraction profiles, was arising from higher structural 
inhomogeneity. this confirms the saturation of mmt by 
more concentrated mb solutions and higher fractions of 
dye aggregates.
Chn analysis
  the  results  of  Chn  elemental  analysis  of  pure 
mmt and mmt-mb (4) sample are shown in table 2. 
as expected the carbon content of mmt is negligible. 
however,  it  reached  the  amount  of  12.42%  in  the 
mmt-mb sample, which indicates the existence of mb 
molecules in the layered structure of mmt. Since the 
mmt-mb  samples  was  washed  repeatedly  to  remove 
excess and loose bonded dye molecules, the majority of 
carbon content is attributed to intercalated molecules that 
bind to silicate layers mostly by stronger ionic bonding. 
the conclusions drawn from Chn data are supported 
by  Xrd  measurements  (see  figure  3),  confirmed  the 
intercalation of mb species in the interlayer spaces. 
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figure 5.  X-ray diffraction spectra of a) mmt, b) mmt-mb 
(4), c) mmt-mb (5), d) mmt-mb (6) samples.
figure  4.    effect  of  methylene  blue  concentration  on  basal 
spacing of intercalation products.
table 2.  elemental analysis data of mmt and mmt-mb samples and calculated coverage percentage of the mmt layers by mb 
molecules.
  C%  n%  h%  nC  nn  Coverage
Sample        (mmol/100 g)  (mmol/100 g)  (mol %)*
mmt  0.22  0.03  1.35  –  –  –
mmt-mb (4)  12.42  2.9  1.82  79.65  86.54  81
* Coverage with respect to the cation exchange capacity (CEC) of 102 meq/100 gValidi M., Bazgir S., Rashidi A., Yazdanshenas M. E.
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  In order to quantify the amounts of mb in mmt-
mb (4) sample, the coverage factor was calculated from 
the content of either C or n, according to equation 1. 
the values are reported in table 2. from the table, it 
could be seen that the amount of mb molecules equals 
to 81% of CeC of montmorillonite. this means that not 
all of added mb molecules to clay suspension bonded 
to  silicate  surfaces  strongly  and  after  removing  loose 
and excess mb molecules, only a fraction of them can 
be  intercalated  by  mmt  layers.  Similar  results  were 
obtained  from  coverage  data  corresponding  to  mmts 
modified with hexadecyltrimethyl ammonium bromide 
in  amount  of  two  times  of  CeC,  which  coverage 
percentages of 115% based on this method was obtained 
[27].
ftIr spectroscopy
  Infrared spectra of mmt, mb and mmt-mb are 
shown in figure 6. as can be seen in the figure, the infrared 
curve  of  mmt  showed  characteristic  smectitic  clay 
mineral peaks. In this spectrum, strong band at 1035.64 
cm
-1 was attributed to the Si-O stretching vibrations. the 
peak at 1642.17 cm
-1 and the broad band at 3439.76 cm
-1 
were assigned to -O-h bending and stretching vibration 
modes  of  adsorbed  water  respectively  [28,  29]. also 
the peak at 3629.83 cm
-1 corresponds to the structural 
hydroxyl stretching vibration bonded to the aluminum 
and/or  magnesium  in  montmorillonite.  these  peaks 
appeared  in  the  spectrum  of  mmt-mb  albeit  of  low 
intensity and small shift. the peak assigned to bending 
vibration mode of absorbed water (3629.83 cm
-1) dis-
appeared in the spectrum of mmt-mb sample and the 
other one (3439.76 cm
-1) was very weak. It seems that it 
was covered by mb band in this region. the intensities 
of bands around 1600 and 3400 cm
-1 are attributed to 
adsorbed water and/or hydration water, which decreased 
up on cationic exchange process with organic molecules 
[29]. 
  In  spectrum  of  mb,  the  peaks  at  1591.50  and 
1487.21 cm
-1 were attributed to the stretching vibrations 
of C=C and C=n of aromatic rings in the polyhetero-
cyclic molecule [30]. these bands with some small shifts 
were observed in the mmt-mb sample clearly at 1491.91 
and 1602.42 cm
-1. Similarly appeared band at 1323 cm
-1 
in mb spectrum which were related to –C–n stretching 
of aromatic ring [31], shifted to higher wave numbers 
(1338.60 cm
-1) due to the interaction with silicate layers 
in spectrum (c). the bands at 2924.71 and 2865.63 cm
-1 
corresponded to asymmetric and symmetric vibration of 
C–h bonds in two Ch3 groups. the peak that appeared at 
1385.62cm
-1 in mb spectrum attributed to the asymmetric 
Ch3 bending vibration in dimethyl groups [32, 33]. It 
must be mentioned that the Ir spectrum of mb at wave 
numbers higher than 3100 cm
-1 shows only a broad band 
between 3400 and 3500 cm
-1, which could be due to the 
presence of a water molecule [34].these peaks and other 
characteristic peaks of mb occurred in the mmt-mb 
spectrum with slight red shift which confirms the strong 
interaction  of  mb  with  silicate  layers.  this  indicates 
the existence of mb as an intercalant in the exchanged 
products which is in connection with the results of Chn 
elemental analysis and Xrd.
thermogravimetric analysis
  the results of thermo-gravimetric analysis of mmt, 
mb, and mmt-mb (4) samples are presented in figure 
7. the tga data in the figure show that all samples had 
considerable amount of moisture as can be seen by drop 
in its mass below 100°C. as expected this initial step 
weight loss was more intense in the case of mmt. the 
dtg  curves  of  mmt  confirmed  this  idea  clearly  by 
drastic peak with maximum at 65°C (see figure 8). the 
observed peak and the other at 600-700 °C are due to 
the  dehydration  of  adsorbed  water  molecules  and  de-
hydroxylation of silicate layers, respectively [28, 33]. 
as  dtg  curve  of  mmt-mb  suggests,  the  first  peak 
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figure 6.  Infrared spectra of a) mmt, b) mb and c) mmt-mb 
(4) samples.
figure 7.  tga curves for a) mmt, b) mb and c) mmt-mb (4) 
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is  weaker  and  broader.  the  presence  of  organic  dye 
molecules  on  the  clay  surface  makes  it  hydrophobic 
and  consequently  the  peak  maximum  in  the  curve  of 
organo-clay appears at a lower temperature compared 
to the untreated montmorillonite [35]. the dtg curves 
of both the montmorillonite and the dye, indicate that 
the  moisture  was  almost  totally  removed  at  100  and 
120°C respectively, whereas for the mmt-mb sample 
the presence of moisture was observed at even higher 
temperatures of up to 150°C. this means that the water 
molecules were trapped within the mmt-mb structure 
due to constraint caused by intercalated mb molecules, 
which required a higher temperature to escape. Similar 
result  about  the  dehydration  peaks  in  the  case  of 
rhodamine b intercalated mmt [20].
  figure 8 shows that the onset of mb decomposition 
was  occurred  between  200  and  250°C. after  passing 
this temperature a drastic weight loss about 45.6% was 
obtained. this decomposition step was clearly seen in 
dtg curve with an intense peak from 200 °C up to 500 
°C. In the case of the mmt-mb sample, this trend was 
changed to a very slow and gradual rate of decomposition. 
the mb curve showed a sharp peak with a maximum at 
309 °C, whereas in the dtg of the mmt-mb sample, 
only weak peak was observed with a maximum of 315 
°C. In other words the onset of decomposition shifted to 
higher temperatures compared to pure mb. Considering 
the results of Xrd, ftIr and Chn analysis, it is implied 
that  the  intercalation  of  mb  molecules  in  interlayer 
spaces  of  mmt  has  occurred.  therefore,  its  thermal 
stability has improved accordingly.
COnCluSIOn
  the intercalation of montmorillonite with methylene 
blue cationic dye was performed in different conditions, 
in  terms  of  mb  &  mmt  concentration  and  process 
time. the results of Xrd showed that the intercalation 
of mmt has successfully occurred and a basal spacing 
of 18.3 Å was obtained which corresponds to a bilayer 
arrangement  of  mb  molecules  in  montmorillonite 
interlayer, giving a thickness of about 5.8 Å. the results 
also  indicated  that  interlayer  space  increased  as  the 
dye concentration escalated up to 1.3 times of CeC of 
montmorillonite.  the  intercalation  process  also  was 
confirmed by the results of Chn and ftIr. tga/dtg 
thermograms showed that the modification of mmt by 
mb decreases hydrophilicity of the surfaces of silicate 
layers. also by the process, the thermal stability of mb 
molecules between interlayer of the layered silicate was 
increased in comparison to pure dye. by investigating 
some important parameters on intercalation of the mb 
in the clay layers, we have found a practical method to 
produce the intercalated product that can be used as a 
new colorant in melt processing (mass-pigmenting) of 
thermoplastic  polymers.  Its  potential  in  coloration  of 
polyolefines is our target for future work
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